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Field of present invention: 

The present invention relates to a process for the preparation of fatty acid 

5 alkyl esters suitable for use as biodiesel. 

More particularly this invention relates to a process for the preparation of 
fatty acid alkyl esters suitable for use as biodiesel, by a single step cataljrtic 
esterification of free fatty acids and transesterification of triglycerides from 
vegetable oil or animal fats with a lower alcohol. 

10 Biodiesel, generally defined as methyl esters of vegetable oils, animal fats 
and even waste frying oils. Biodiesel is renewable and know to emit less 
smoke and carbon monoxide than petro-diesel and produce no sulfur dioxide. 
Many studies have been reported to demonstrate the use of biodiespl to run 
diesel engine, either pure or blended with petro-diesel. 

15 Backgroimd and prior art references of the present Application 

Biodiesel can be produced by transesterification of vegetable oil or fat with a 
monohydric alcohol in presence of a catalyst usually a base such as 
hydroxides or methanolate of sodium or potassium. Among the alcohols that 
can be used in the tranesterification are methanol, ethanol, propanol, butanol 

20 and aryl alcohol. Due to low cost, polarity and short chain methanol is used 
as alcohol in biodiesel production. Excess alcohol is generally used to shift the 
equilibrimn to the product side. Glycerol is obtained as byproduct in the 
production of biodiesel by transestrification. 

Vegetable oil or fat is generally obtained by extraction or pressing natural 
25 vegetable seeds and animal fats. It usually contains free fatty acids, 
phospholipids, sterols, water, odorants and other impurities/The refined oils 
also contain small amounts of free fatty acids and water. 

The most common catalysts that can catalyse the transesterification to 
produce bio-diesel include alkali, acids or enzjrmes. The alkgdi include NaOH, 
30 KOH, sodium and potassium alkoxides such as sodium methoxide, sodium 
ethoxide, sodium propoxide, sodium butoxide. Generally used acid catalysts 
are sulfuric acid, phosphoric acid, hydrochloric acid and sulfonic acids. 
Amongst the biocatalyst lipase can be used for transesterification reaction. 
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Due to their higher activity alkali catalysts are most commonly used on 
industrial scale. 

With alkaline catalysts, the free fatty acid and water contents in the oil or 
fats significantly affects the transesterification and deactivates the catalyst 

5 and interfere with the separation of fatty acid esters and glycerol. 

Recently various alkaline and acidic heterogeneous catalysts have also been 
reported to be used for transesterification of vegetable oils. These include 
alkaline earth metals or their salts such as CaO, MgO, calcium acetate, 
barium acetate, natural clays, zeolites, Sn, Ge or Pb, supported on various 

10 materials such as ZnO, MgO, TiOa, activated carbon or graphite and 
inorganic oxides such as alumina, silica-alumina, boria, oxides of P, Ti, Zr, 
Cr, Zn, Mg, Ca and Fe. . 

In prior art processes such as described in the Kawahara et al. US Pat. No. 4, 
164, 506, the Stem et al. US Pat.No. 4,698,186 and the Tanaka et al. US Pat. 

15 No. 4,303,590 triglycerides in fats and oils have been esterified in two-step 
process using an acidic catalysts in the first step followed by a second 
esterification using an alkaline catalyst. Both homogeneous and 
heterogeiieous acidic catalj^t have been included. The homogeneous acidic 
catalysts xised included sulfinic acid, hydrochloric acid, para toluene sulfonic 

20 acid, methane sxilfonic acid and so on. The heterogeneous catalyst include 
strong acidic sulfonated ion exchange resins and acidic zeolites. The alkaline 
catalsrsts used in second step included carbonate, hydroxide, and alkoxide of 
Na or K. The need for two step process is due to the fact that the free fatty 
acid present in the feedstock reacts, with alkaline catalysts to produce soap, 

25 which emulsifies and solubHses the fat and glycerol making it difficult to 
separate the ester and glycerol. 

Sprules etal. Patent No. US 2,366,494 discloses a two stage process for high 
acid value oils, alkali and then acid-catalysed transesterification were used. 
The firee fatty acids were neutralized with alkali to form soap. After the 
30 triglycerides were converted to esters, 5% by wt g oil of H2SO4 was added to 
neturalise the alkali catalyst, release the firee fatty acids fi:om soap formed 
and acidity the systems. The mixture was transesterified for 3-4 h to make 
esters fi-om firee fatty acids. 

In the patent No. WO 9115452 assigned to Lindquist Carl - Johan (SE) there 
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is claimed a process for the production of fatty acid alkyl esters through 
. transesterification of vegetable oil in presence of priinary alcohol over 
alkaline earth metal calcium and compoimds thereof. The examples given in 
the patent refers only to the use of calciurii, metal as such. 

5 The US Patent No. 2,003,032,826 discloses a process for the production of 
fatty acid esters from triglycerides feedstock such as hydr.oxide, carbonate, 
alkoxide of alkali metals Na or K, sulfuric acid, hydrochloric acid, sulfonic 
acid or mixtures thereof and lipase. The invention further provides for an 
apparatus for introducing alcohol into the triglyceride feed stream via a 

10 distributed feed system. 

Basu et al. US Patent No. 5,525,126 discloses a single step process for 
producing esters from a feedstock that includes a fat or an oil. The process 
includes mixing the feedstock with an alcohol, such as methanol and a 
catalyst comprising of 3:1 by weight mixture of calcixam acetate and barium 

15 acetate; heating the reaction mixture to 200-250'*C to about 3 hours and 
cooling the mixture rapidly. The process is claimed to produce esters from a 
oil having high free fatty acid content such as 50% by wt. to make a mixture 
of esters to fatty acid in a ratio of about 96:4 by weight. 

In the alkali catalysed transesterification, the presence of water causes a 
20 partial reaction change to saponification, which produces, soap. The soap 
consumes the catalyst and reduces catalyst activity, causing an increase in 
viscosity, formation gels and difficulty in separation of glycerol. Freedam et 
al. (J. Am. Oil Chem. Soc, 61, 1638-1643, 1984) reported that sodium 
hydroxide or sodium methoxide reacted with moisture and carbon dioxide in 
25 the air leading to lowering of their effectiveness to catalyse the 
transesterification of oil. 

Although transesterification processes using alkali catalysts gives high 
conversion of fatty oil glycerides to esters in relatively shorter residence time, 
besides interference of water and free fatty acids with the reaction, the 
30 processes based on alkali catalysts have several drawbacks — these are 
energy intensive, recovery of glycerol is difficult, the acidic or alkaline 
catalyst has to be removed from the product, lot of alkaline waste 
water is produced which requires treatment. Further several steps such as 
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evaporation of methanol^ removal of saponified products, neutralization and 
concentration are needed to recover glycerol. 

Due to the slow diffusion of triglycerides through the catalyst pores in 
heterogeneous catalysts such as supported metals, basic oxides and zeolites 
5 the transesterification reaction is slow, higher alcohol to glyceride molar ratio 
is required to achieve appreciable conversion of above 70%. Leaching of the 
base from the catalyst may lead to loss in activity. 
Objects of present invention 

The main object of the present invention is to provide a improved process for 
10 the preparation of fatty acid alkyl esters suitable for use as biodiesel. 

Another object of the present invention is to provide a process for preparing 

lower alkyl esters of fatty acids by reacting triglycerides such as a vegetable 

oil or animal fat or. free fatty acids or combinations thereof in single stage. 

Still another objective of the present invention to provide a catalyst which 
15 catalyses the esterification of fatty acids and transesterification of tri 

glycerides simxoltaneously producing lower alkyl esters stiitable for use as 

dieselfuel. 

Yet another objective of the present invention to provide a process and 
catalyst which can use of glycerides containing higher concentration of free 

20 fatty acids and moisture to produce esters. 

Yet another objective of the present invention to provide a process for 
producing lower alkyl esters of fatty acids with improved separation and 
pxnrification of esters and glycerin without the need of neutralization step. 
Summary of present invention 

25 The present invention provides a process for the preparation of lower alkyl 
esters of fatty acids by reacting triglycerides such as a vegetable oil or animal 
fat or free fatty acids or combinations thereof. With lower alcohols such as 
methanol, ethanol, propanol or butanol in presence of a catalyst and 
purifying the esters thus produced. The esters produced are suitable for use 

30 as fixel in diesel engines either as such or blended with petro-diesel. 
Detailed description of present invention 

Accordingly the present invention provides a process for preparing of fatty 
acid alkyl esters suitable for use as biodiesel which comprises reacting the 
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starting substance selected from fatty acid glycerides selected from the group 
.consisting of vegetable oil, animal, oil fat, fatiy acid or mixtures thereof, with 
an alcohol having 1-4 carbon atoms in a reaction vessel wherein esterification 
of fatty acid and transesterification of triglyceride carried out simultaneously 
5 at a temperature in the range of 70-300^C, pressure in the range of 1-30 bar 
wherein the alcohol to starting substance molar ratio is in the range of 3:1 to 
30:1 in presence of a catalyst which is an organometallic compound of Tin, 
the concentration of the said catalyst is in the range of 0.01 to 3 weight 
percent of the starting substance, separating the glycerine from the fatty acid 
10 alkyl ester as immiscible phase by decantation, recycling recovering the 
excess alcohol by evaporation or distillation and, purifying the fatty acid alkyl 
esters by washing with water, treatment with an basic adsorbent selected 
^ from the bauxite, clay, al\muna, silica-alumina and distillation or 
combinations thereof. 
15 In another embodiments of the present invention the catalyst used to esterify 
the fatty acids and transesterify the glycerides is an organometallic 
compound of Tine preferably an alkyl Tin oxide. 

The concentration of catalyst is in the range of 0.01 to 3 weight percent of the 
starting substance. 

20 In yet another embodiments of the present invention, alcohol used has 1-4 
carbon atoms and is used in concentrations in the range of 3:1 to 30:1 
mole/mole of the starting substance. A slight excess of alcohol is needed to 
push the reaction toward formation of alkyl ester. 

In the process of the present intervention byproduct glycerin is recovered as 
25 an immiscible phase by decantation, the excess alcohol is recovered by 
distillation or evaporation. 

In yet another embodiments of the present invention the alkyl esters are 
purified by washing with water, treatment with an basic adsorbent selected 
from the group consisting of bauxite, clay, altimina, sihca-alumina and 
30 distillation or combination thereof. The washings with water and treatment 
with adsorbent carried out at 20-60**C respectively. 

The alkyl esters produced by the process of the present invention have been 
found suitable for use as fuel in diesel engmes, blending component for petro- 
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diesel and as additive in petrofuels for enhancing lubricity, cetane number 
and biodegradability. 

Yet another embodiment wherein the biodiesel obtained has an acid value in 
the range of 0.01-0.50 mg KOH/g. 
5 Still another embodiment wherein the biodiesel obtained has viscosity in the 
range of 4-7 cSt at 40 **C. 

It will be apparent from the foregoing that the present invention provides a 
single process for producing lower fatty acid alkyl esters by reacting 
triglycerides, free fatty acids and animal fat with lower alcohols in presence 
10 of alkyl Tin oxide as catalyst the process is ecofriendly since no alkali 
treatment is involved for the purification of alkyl esters. 

The invention is further described by the following examples, which are given 
only for the purpose of illustration and are not intended to limit the scope of 
the invention. 

15 Example -1 

200 g of refined soya oil having acid value of 0.5 mg KOH/g, 72 g of Methanol 
and 1.2 g of catalyst (Dioctyl Tin oxide) were taken in a stirred reaction 
vessel made of SS 316, fitted with external electrical heating system and 
cooling coir inside. The reactants were heated to 150^C. The reaction was 

20 allowed to proceed for h at 150°C and then the temperatixre was raised to 
175°C. and maintained for 3 h. After cooling to ambient temperature glycerol 
was separated as lower layer and methyl ester was obtained as upper layer. 
Methyl ester thus obtained was distilled imder vacuum (5-10 mm Hg 
absolute pressure). The final methyl ester (bio-diesel) had an acid value of 

26 0,03 mg KOH/g and viscosity of 5.19 cSt at 40*^0. 

Example - 2 

The example 1 was repeated with Jatrppha curcas oil having acid value of 
d6.11 mg/KOH to obtain :^00 g of the esters having the acid value of 0.04 mg 
KOH/g and viscosity 4.93 cSt at 40^C. 
30 Example - 3 

The same example as in 2 was repeated except that the reaction was carried 
out at 175**C for 7 hrs to obtain 199.4 g of the ester. The ester was percolated 
through a column of basic alumina (20 g). The final methyl ester showed an 
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acid value of 0, 10 mg KOH/g and viscosity of 4.04 cSt at 40**C. 

Example - 4 

The same example as was repeated with Madhuca indica oil with 17.4 mg/g 
KOH acidity except that the reaction was carried out for 5 hrs at 175°C. The 
5 product ester had a viscosity of 6.30 cSt at 40°C and acid value of 0.2 mg 
KOH/g after washing with water followed by percolating through a colunm of 
bauxite. 

Example - 5 

The same example as in 1 was repeated with Jatropha curcas of except that 
10 the reaction was carried out at 200*^0 for 3 hrs. The methyl esters thus 
obtained having viscosity of 5.08 cSt at 40°C and acid value of 0.09 mg 
KOH/g after distillation at 5 mm Hg. 

Example - 6 

The same example as in 1 was repeated except that 144 g of methanol was 
15 \ised. The methyl ester thus obtained was treated with 20 g clay in a stirred 
vessel and filtered. The final methyl ester had an acid value of 0.3 mg KOH/g. 

Example - 7 

The same as in example 6 except piu'e oleic acid of acidity of 200 mg KOH/g of 
sample was reacted with 76.0 g methanol for 6 hrs at 175''C to obtain 216.0 g 
20 methyl esters having an acidity of 16.091 mg KOH/g. The methyl ester thus 
produced was distilled at 5 mm Hg. The distilled ester product was finally 
percolated in a column having 25 g of bauxite. The final ester had an acid 
value of 0.08 mg KOH/g. 

Example -8 

25 The same example as in 1 was repeated except that the oil was Jatropha 
curcas instead of refined soya oil and that the catalyst was 1.0 g of tertiary 
butyl Tin oxide in place of dioctyl Tin oxide. The final methyl ester obtained 
had an acid value of 0.09 mg KOH/g. 
Advantages of present invention 

30 1. Present process of preparation is a single step esterification as well as 
transesterification 

2. Separation of fatty acid esters and glycerol is easy and does not require 
the neutralization step. 



